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(54) Dri von axles 

(57) A driven axle (1 0) for a land 
vehicle, the central portion (1 6) of 
whose casing houses a crown wheel 
(30) and pinion (31) forming a first 
reduction stage, a differential (25) 
and two epicyclic second stage re- 
duction units (23A, 23B) whose 
planet carriers (45) are coupled to 
the two floating drive shafts. The 
cage (27) of the differential is jour- 
nailed in bearings (38A, 38B) sup- 
ported and located by respective 
dished annular supporting plates 
(40 B) whose outer peripheries are 
an axially-sliding fit in the central 
casing portion (16) and are axially 
abutted against the annulus gears 
(43) of the epicyclic units (23A, 
23B). The central casing portion 
(16) is formed of two identical 
sleeves (16A, 16B) clamped to- 
gether axialry by bolts (50) to pre- 


load the supporting plates (40B) in 
axial compression between steps 
(44) thus axialry-preloading the dif- 
ferential cage bearings (38A, 38B). 
Shims (54) enable this preload to 
be adjusted. 
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SPECIFICATION 
Axles 

5 This invention relates to driven axles for land 
vehicles, of the type incorporating a differen- 
tial gear mechanism for transmitting the drive 
of the vehicle propeller shaft coupled to the 
axle input through driving shafts to wheel 

1 0 hubs at opposite ends of the axle casing, with 
a double speed reduction between the input 
to the axle and the wheel hubs of which the 
first reduction stage is provided by a crown 
wheel and pinion gear assembly between the 

1 5 axle input and the differential cage, and the 
second reduction stage is provided by a sepa- 
rate secondary reduction gear mechanism as- 
sociated with each of the driving shafts and 
housed within the axle casing. 

20 The invention is concerned with improve- 
ments to the axle construction and to the 
assembly and location of the differential unit 
and secondary reduction units in the axle 
housing, to simplify manufacture and facilitate 

25 assembly. 

The invention is particularly although not 
exclusively applicable to driven axles intended 
for use as the driven rear axle of a four-wheel 
drive vehicle whose front wheels are braked 

30 and whose rear wheels are not provided with 
wheel brakes. 

According to the invention from one aspect 
in the axle of the type specified the differential 
unit is supported and located in a central 

35 portion of the axle casing by means of two 
annular supporting plates the inner peripheral 
portion of each of which supports one of the 
bearings of the differential cage in the central 
casing portion, the outer peripheral portion of 

40 each supporting plate being a sliding push-fit, 
in the axial direction, against an abutment in 
the central casing portion. In a preferred con- 
struction each annular supporting plate is 
abutted against one of the two secondary 

45 reduction units, the two supporting plates 
providing location in the axial direction for 
both secondary reduction units and the differ- 
ential unit. 

Where the secondary reduction units are of 

50 epicyclic type, as is preferred, the outer per- 
ipheral portions of the two supporting plates 
will bear against the annulus gear of the 
epicyclic unit, thus locating that gear and with 
it the planet carrier in the central casing 

55 portion. 

To maintain the stability and rigidity of the 
complete assembly in the central casing por- 
tion, the bearings of the differential cage are 
axialfy-preloaded by the two supporting plates 

60 which are under axial compression between 
their outer and inner peripheral portions, this 
preloading being produced by axialry clamp- 
ing together two separate portions of the 
central casing portion of the axle in assembly. 

65 According to the invention from another 


aspect, preferably but not necessarily associ- 
ated with the aspects of the preceding para- 
graphs, the casing of an axle of the type 
specified includes a central portion which ac- 

70 commodates the differential unit and the first 
and second reduction stages and is an as- 
sembly of two identical sleeve portions 
abutted together, each sleeve portion provid- 
ing half of the central portion. This facilitates 

75 manufacture, sine stock half-casing sleeve 
components can be made by repetition cast- 
ing in a single mould, two of the identical 
sleeve components being utilised per axle. 
The two half-casing sleeves may be abutted 

80 together with their abutted joint faces lying in 
a common transverse plane of symmetry of 
the central casing portion, passing through 
the centre of the differential unit. 
The invention from yet another aspect conrv- 

85 prises a casing for any kind of gear mecha- 
nism or gearbox, formed in two substantially 
identical halves abutted together, for example 
at a common planar joint face. The two halves 
may be substantially identical castings from 

90 the same mould. 

The invention may be carried into practice 
in various ways, but one specific embodiment 
thereof will now be described by way of 
example only, and with reference to the ac- 

95 companying drawing, which is a view in longi- 
tudinal section of the major part of the length 
of a rigid rear axle for a four-wheel-drive 
vehicle. 

The illustrated axle 10 is intended for use 

100 as a rear axle of a four-wheel-drive land 

vehicle, for example a dumper truck, only the 
front wheels of which are braked. The axle 10 
is of the fully-floating kind having a wheel 
hub 1 2 journalled on spaced wheel bearings 

105 13, 14 on each end of the rigid axle casing 
1 5. Only one of the wheel hubs 1 2 is shown 
in the drawing. The casing 1 5 comprises a 
mainly-cylindrical central casing portion 1 6 
formed in two identical halves 16A and 16B, 

110 and two tubular side sleeves 1 7 (only one 
shown in the drawing) projecting in opposite 
directions from the central portion 16. Each of 
the identical halves 1 6A comprises a tubular 
sleeve having a cylindrical large-diameter por- 

115 tion 1 8 and a tapering outer end portion 1 9 
in the bore of which the inner end of the 
generally-cylindrical side sleeve 1 7 is a press 
fit, with a security plug weld 1 7A. The wheel 
hubs 1 2 are journalled on the outer ends of 

1 20 the side sleeves 1 7, each of which is provided 
with a mounting bracket 20 for mounting the 
axle on the suspension or chassis of the 
vehicle. 

Each of the wheel hubs 1 2 is driven by an 
1 25 associated drive shaft 20 extending in free- 
floating fashion within the respective side 
sleeve 17, each shaft 20 having an integral 
outer end flange 21 bolted to the wheel hub 
by bolts 22. The inner end of each drive shaft 
1 30 20 is driven via a secondary reduction unit 
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23A or 23B from one of the output pinions 
24A, 24B of a differential unit 25, the differ- 
ential unit 25 and both secondary reduction 
units being housed in the centra) casing por- 

5 tion 16. 

The differential unit 25 is of conventional 
form, comprising a cage 27 on whose planet- 
carrier spindles 28 (only one shown) two pairs 
of planet pinions 29 are joumalled (only one 

10 pair shown), the planet pinions 29 being in 
permanent mesh with the two output pinions 
24A and 24B. The cage 27 carries a crown 
wheel bevel gear 30 meshing with a bevel 
pinion 31 on the input shaft 32 of the axle 

15 unit the crowm wheel 30 and pinion 31 
" providing the primary speed reduction of the 
final drive through the axle. The input shaft 
37 is joumalled in an input housing member 
33 bolted at 34 to the central housing portion 

20 1 6 and carries a coupling flange 35 to which 
the propeller shaft of the vehicle can be 
attached. 

The cage 27 of the differential unit is 
joumalled in tapered roller bearings 38A, 38B 

25 the outer race of each of which is supported 
by the inner peripheral portion of a dished 
annular support plate 40A or 40B. The outer 
peripheral portion of each support plate 40A 
or 40B is a sliding push-fit in the interior of 

30 the cylindrical portion 18 of the respective 
half sleeve 1 6A or 1 6B of the central casing 
portion 16. Locating dowels 41 engaged in 
registering holes in the half-sleeves 16 A, 16B 
and in the outer peripheral portions of the 

35 associated support plates 40A, 40 B prevent 
rotation of the latter. The outer peripheral 
portion of each support plate 40A or 40B 
abuts, in the axial direction, against the annu- 
lus gear 43 of the associated epicyclic reduo 

40 tion unit 23A or 23B which is also a sliding 
push-fit in the cylindrical sleeve portion 18 
and bears against a step 44 at the inner end 
of its tapering portion 19. Each epicyclic 
reduction unit 23A or 23B has a planet carrier 

45 45 on whose planet pins 46 the planet pin- 
ions 47 are joumalled in permanent mesh 
between the internal teeth of the annulus gear 
43 and the external teeth of sun gear 48 
formed on one end of a stub shaft 49, the 

50 other end of the stub shaft being spline- 
coupled at 50 to one of the output pinions 
24A, 24B of the differential unit. 

The two support plates 40A and 40B thus 
not only support the differential unit 25 radi- 

55 ally in the bearings 38A, 38B but they also 
provide axial location for it and for the annu- 
lus gears and planetary assemblies of the two 
secondary reduction units 23A, 23B, holding 
the latter against the steps 44. Moreover, the 

60 tapered roller bearings 38A and 38B are pre- 
loaded in the inward axial directions, by virtue 
of the pro-compression of the two support 
plates 40 A, 40B during assembly. This pre- 
loading is effected by the clamping together 

65 of the two casing half-sleeves 1 6A, 1 6B by 


means of damping bolts 50 through their 
flanges 51 , the joint faces of the flanges 51 
lying in a common plane 52 passing through 
the centre 53 of the differential unit 25. The 

70 dimensions of the assembly between opposite 
steps 44 are such that when the bolts 50 are 
fully tightened the outer peripheral portions of 
the two support plates 40A, 40B are com- 
pressed towards one another with respect to 

75 their inner peripheral portions, thus preloading 
the outer races of the bearings 38A, 38B 
inwardly towards one another. The degree of 
this preloading, which may be adjusted for 
example by means of one or more suitable 

80 shims 54 interposed between the outer race 
of one or each differential cage bearing 38, 
38A and a locating shoulder 55 of the respec- 
tive support plate 40A, 40B, or in some other 
way, maintains the stability and rigidity of the 

85 complete central portion 1 6 of the axle and 
the mechanisms assembled in its interior. The 
amount of axial preload on the bearings, and 
the stiffness of the dished annular support 
plates 40A, 40B, are related, in the design of 

90 the axle, to the crown wheel 30 and pinion 
31 tooth loads, to ensure their stability. 

The overall step-down ratio of the final drive 
provided by the axle described and illustrated 
depends upon the application requirement, 

95 but in a typical example it may be 14.8:1, 
provided by a first stage reduction ratio of 
2.64:1 at the crown wheel and pinion gearing 
30, 31 and a second-stage reduction ratio of 
5.6:1, provided by each epicyclic reduction 
100 unit 23A or 23B. 

CLAIMS 

1 . A driven axle of the type specified for a 
land vehicle, in which the differential unit is 

105 supported and located in a central position of 
the axle casing by means of two annular 
supporting plates the inner peripheral portion 
of each of which supports one of the bearings 
of the differential cage in the central portion 

1 10 of the casing, the outer peripheral portion of 
each supporting plate being a sliding push-fit, 
in the axial direction, against an abutment in 
the central casing portion. 

2. An axle as claimed in Claim 1, in which 
115 each annular supporting plate is abutted 

against one of the two secondary reduction 
units, the two supporting plates providing 
location in the axial direction for both secon- 
dary reduction units and the differential unit. 

1 20 3. An axle as claimed in Claim 2, in which 
the secondary reduction units are of epicyclic 
type, and in which the outer peripheral por- 
tion of each of the two supporting plates 
bears against the annulus gear of the respec- 

1 25 tive epicyclic unit, thus locating that gear and 
the planet earner of the unit in the central 
casing portion. 

4. An axle as claimed in any one of 
Claims 1 to 3, in which the bearings of the 

1 30 differential cage are axially-preloaded by the 
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two supporting plates which are under axial 
compression between their outer and inner 
peripheral portions, and in which the central 
casing portion is formed in two separate por- 

5 tions which are anally clamped together in 
assembly to produce the said preloading. 

5. An axle as claimed in any one of the 
preceding claims, in which the central portion 
of the axle casing accommodates the first and 

1 0 second reduction stages of the axle as well as 
the differential unit, and comprises an as- 
sembly of two identical sleeve portions 
abutted together, each sleeve portion provid- 
ing half of the central portion of the casing. 

15 6. An axle as claimed in Claim 5, in which 
the two sleeve portions are abutted together 
with their abutted joint faces lying in a com- 
mon transverse plane of symmetry of the 
central casing portion, the said plane passing 

20 through the centre of the differential unit. 

7. An axle as claimed in Claim 5 or Claim 
6, in which the two sleeve portions are sub- 
stantially identical castings from the same 
mould. 

25 8. An axle as claimed in any one of the 
preceding claims, in which each annular sup- 
porting plate is of dished form arranged with 
its outer peripheral portion axialty-further from 
the central transverse plane of the axle than is 

30 its inner peripheral portion. 

9. A driven axle of the type specified for a 
land vehicle, whose axle casing includes a 
central portion which accommodates the dif- 
ferential unit and the first and second reduo- 

35 tion stages of the axle and is an assembly of 
two identical sleeve portions abutted together, 
each sleeve portion providing half of the cen- 
tral portion. 

10. An axle as claimed in Claim 9, in 
40 which the two sleeve portions of the central 

casing portion are abutted together with their 
abutted joint faces lying in a common 
transverse plane of symmetry of the central 
casing portion, the said plane passing through 
45 the centre of the differential unit. 

11. An axle as claimed in Claim 9 or 
Claim 10, in which the two sleeve portions 
are substantially identical castings from the 
same mould. 

50 1 2. A casing for a gearbox or gear mecha- 
nism, formed in two substantially-identical 
halves abutted together. 

13. A casing as claimed in Claim 1 2, 
whose said two halves are abutted at a com- 

55 mon planar joint face. 

14. A casing as claimed in Claim 1 2 or 
Claim 1 3, in which the said two halves are 
substantially-identical castings from the same 
mould. 

60 1 5. A driven axle for a land vehicle, sub- 
stantially as specifically described herein with 
reference to the accompanying drawing. 
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